as a framework, we build a twodimensional discrete time Markov chain depicting the behavior of a station operating under saturation conditions. We account for: (i) busy medium conditions when the backoff counter is frozen when the channel is busy, and (ii) finite retry limits (R). We partition such a two-dimensional model into two one-dimensional chains, one depicting the behavior of backoff counter process and the other illustrating the behavior of retry counter process. Any extensions proposed to the original twodimensional model can also be directly applied to the resulting one-dimensional model. Such a partitioning simplifies the analysis of more complicated extensions to DCF scheme by significantly reducing the number of state variables.
I. INTRODUCTION
In [5] , Bianchi presented a two-dimensional discrete time Markov chain to study the performance of IEEE 802.11 Distributed Coordination Function (DCF) under saturation conditions. The Markov chain depicted the behavior of backoff counter and backoff stage processes for a wireless station under the assumption of ideal channel conditions. Ziouva and Theodore [3] modified Bianchi's model by accounting for busy medium conditions. Subsequent studies extended either Bianchi's or Ziouva and Theodore's work to evaluate the performance of: (i) DCF under non-saturation conditions [4] , (ii) DCF with finite retry limits ( [6] ), and (iii) quality of service (QoS) enhancements for DCF ([8] , [9] , [10] ). In this document, we claim that the two-dimensional chain originally proposed by Bianchi or Ziouva and Theodore can be partitioned into two one-dimensional chains. Using the models presented in [3] and [6] as a framework, we build a twodimensional discrete time Markov chain depicting the behavior of a station operating under saturation conditions. We account for: (i) busy medium conditions when the backoff counter is frozen when the channel is busy, and (ii) finite retry limits (R). We partition such a two-dimensional model into two one-dimensional chains, one depicting the behavior of backoff counter process and the other illustrating the behavior of retry counter process. Any extensions proposed to the original twodimensional model can also be directly applied to the resulting one-dimensional model. Such a partitioning simplifies the analysis of more complicated extensions to DCF scheme by significantly reducing the number of state variables.
II. Two-DIMENSIONAL MODEL Fig. 1 illustrates the two-dimensional Markov chain model depicting the behavior of backoff and retry counter processes for an arbitrary station, say A, under saturation conditions.
As seen from the figure, the model takes into account busy medium conditions [3] and assumes finite retry limits [6] and thereafter, remains the same. Let bi,k be the steady state probability that the retry and backoff counters of station A are equal to i and k, respectively. The probability conservation relation for the Markov chain can be written as: fig. 1 by a dotted rectangle. Note that EZ-mvO 13= 1. Let n be the total number of stations in the network. Let Ek be defined as the probability that all other n -1 stations in the network (i.e. stations other than station A) have backoff counter greater than or equal to k. Thus, Ek = W= 13j) Busy probability, Pb, is the probability that station A senses the medium to be busy. This is same as the probability that at least one of the other n -1 stations transmit. Since, stations transmit only when their backoff counter is zero, Pb = F-1. Conditional collision probability, p, is defined as the probability that a frame transmitted by station A experiences a collision. Since, Eo-1 is the probability that at least one of the other n 1 stations has backoff counter exactly equal to zero,
Under steady state, the probability of entering a state is equal to the probability of leaving the state. First, consider the states in row 0. It is possible to enter a state, say {0, k}, when one of the following mutually exclusive events occur during a slot:
(i) Upon successful transmission or when the retry limit is reached, the station initializes its backoff counter to a value in the range [0, WO). Thus, it is possible to enter state {0, k} after a transmission with a probability equal
(ii) When k > 0, the station freezes its backoff counter if the channel is sensed busy during a slot. This occurs with probability Pb-(iii) The station enters state k from state k+ 1 by decrementing its backoff counter by one after sensing the channel idle during a slot. This event occurs with probability 1 -Pb. Thus, for retry counter i = 0, we get: Similarly, using (4) and (5), equation (2) bi + bi,kPb + bi,k+± (1 -Pb), if 0 < k < W (8) Equations (7) and (8) (i) Using equations (5) and (6) (10) and (11), it is clear that Prob.{tx} 13O and Prob.{r = iltx} =~( (-PR+1). A formal way to derive expression for Prob.{r = i tx} is to compute the steady state probability distribution from a discrete time one-dimensional chain of the retry counter process (as shown in fig. 2(a) ). The transitions in the chain take place at the beginning of a slot immediately following a transmission by the considered station.
Let Pinit (k, Wj) be the probability of initializing backoff counter equal to k when the contention window size is Wi.
Thus, Pinit(k, Wi) = w . Let Pinit (k) = :R m' Prob.{r iltx}Pinit(k, Wi), which gives the steady state probability that the station initializes its backoff counter to k after a generic transmission. Then, equation (9) can be expressed as:
A formal way to derive equation (12) is to compute the steady state probability distribution of a discrete time one-dimensional chain depicting the behavior of the backoff counter process (as shown in fig. 2(b) ). The transitions in the chain take place at the beginning of a slot. Thus, equation (12) denotes the global balance equation for a state k, where Let SV2-D denote the number of state variables in the twodimensional Markov chain shown in fig. 1 [7] . Note that equation (12) is derived directly from the steady state expressions corresponding to the two-dimensional Markov chain in fig. 1 . Hence, any extensions to the twodimensional models presented in [3] and [5] can also be applied to the one-dimensional chains. For example, the two one-dimensional chains shown in fig. 2 can be used to evaluate the performance of DCF scheme with finite retry limits. QoS enhancements to DCF scheme employ different values for minimum/maximum contention window for each traffic class or access category [1] . The effectiveness of such enhancements can be studied by substituting appropriate values for m, Wo or Wm and using the one-dimensional chains in fig. 2 to illustrate the behavior of an access category within a station.
